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COMPLETE SPECIFICATION 
A Urate Oxidase and process for the production thereof 



We, Societe D'Ltudes et D'Applications 
Biochimiques, a Limited Company according 
to the Laws of France, of 30 rue de Versailles, 
Jouy-en-Josas, Yvelines, France, Etablisse- 
ments Clin-Bvla, a French Eody Corporate, 
of 20 rue des Fosses Saint-Jacques, Paris, 
France, and Ugine-Kuhlmann, a French 
Body Corporate, of 10 rue du General Foy, 
Paris, France, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

This invention relates to a novel urate 
oxidase having a high activity (currently known 
by the name ''uricase"), as well as to a process 
for the manufacture thereof. 

It is known that uric acid is one of the 
principal products of the catabolism of purine 
bases and of the products which contain them, 
such as nucleic acids. It is also known that if 
catobolism or elimination of uric acid is defec- 
tive, uric acid may accumulate in the blood 
or the tissues and can be the cause of many 
disorders, especially of gout, certain forms of 
rheumatism, certain calculi in the region of 
the urinary system and various tissue changes, 
especially in the cardio-vascular system. 

These disorders eccur frequently, because 
elimination of uricacid is rendered difficult 
by the very low solubility of this compound 
and, consequently, increased concentrations of 
this compound due to any cause can bring 
about the formation of insoluble deposits. 

The uricase of the present invention is 
obtained from active strains of micro-organ- 
isms which are either bacteria, especially those 
of the genus Bacillus, or fungi especially those 
which belong to the genera Mucor, Rhizopus, 
Absidia, Fusarium, Alternaria, Penicillium, 
Aspergillus, Ccphalosporium, Stemphylium 
and Macrosporum, or yeasts, especially of the 
genus Geotrichum. These genera belong to 
the orders of eubacteriales, actinomycctales, 
mucoralcs, moniliales, spheriales and endo- 
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mycetales. 

The uricase may also be obtained using 
bacteria of the genera Pseudomonas, Clostri- 
dium, Micrococcus and Bacterium, fungi of 
the genus Neurospora and yeasts of the 
genera Saccharomyces and Torula (Candida). 

The invention comprises more particularly 
the production of the uricase using bacteria 
and fungi belonging to the species Strepto- 
myces cellulose and Strept. sulfureus, Bacillus 
megatherium, B. subtilis and B. cereus, Asper- 
gillus flavus, Asp. oryzae, Asp. tamarii, Asp. 
terricola, Asp. luchuensis, Asp. niger, Asp. 
sydowi. Asp. nidulans, Asp. wentii, Asp. fon- 
secaeus, Asp. clavatus, Asp. ustus, Asp. terrcus 
and Asp. ochraccus, Penicillium frequentans, 
Pen. granulatum, Pen. griseum. Pen, canes- 
cens, Pen. spinulosum. Pen. thomii. Pen. 
waksmani, Pen. raistrickii, Pen. cxpansum, 
Pen. purpurcscens, Pen. funiculosum, Pen. 
spiculisporum, Pen. veiutinum. Pen, purpuro- 
genum, Pen. lilacinum. Pen. rubrum, Cephalo- 
sporin! sp., Alternaria tenuis, Fusarium sol- 
ani, Fus. moniliformc, Fus. coerulcum, Fus. 
oxysporum and Fus. orthoceras, Stemphylium 
macrosporoideum, Macrosporium apiosperm- 
um, Absidia glauca, Mucor mucedo, Mucor 
hicmalis and Mucor racemosus, Rhizopus ar- 
' rhizus and of the class Basidiomycetes, as well 
as the yeast Geotrichum candidum. 

Suitable micro-organisms are given below. 
In this list each name is followed by the num- 
ber assigned by the Applicants to the strain 
in their collection and in brackets by the 
registered number of the strain deposited 
in the American Type Culture Collection 
(A.T.C.C.). 

(a) Bacteria: 

Streptomyces cellulosae Krainskv 3313 
(21 184), Streptomyces sulphurcus Krainskv 
105(21185), Bacillus megatherium of Barry 
1 552(21180"), Eacillus meeatherium of Parrv 
1551(21181), Bacillus subtilis Conn 5221 
(211S3) and Bacillus cereus Frankland 1665 
(21182). 
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(b) Fungi other than yeasts: 
Aspergillus flavus Link 601(20037), A.f. 
Link 602(20038), A.f. Link 603(20039), A.f. 
Link 60430040), A.f. Link 605(20041), A.f. 
5 Link 606(20042), A.f. Link 608(7.0043), A.f. 
Link 609(20044), A.f. Link 620(20045), A.f 
Link 623(20046), A.f. Link 624(20047) A f 
Link 625(20048), Aspergillus orvzae Cohn 
m ^o£ 0049) > A - a Cohn 627(20050)," A.o. Cohn 
10 «5 A °- Cohn 629(20052), A.o. Cohn 
634,20053), Aspergillus tamarii Kita 636 
(20054), Asp. terricola Marchal 638(20055), 
Asp. luchuensis Inui 651(20056), Asp. nicer 
_ Van Tieghem 561(20057), Asp. sydowi Bain- 
and Sartor y 661(20058), Asp. nidulans 
^ 632(20059), Asp. wentii Wehmer 570 
(20060), Asp. fonsecaeus Eainier 808(20061), 
Asp. clavatus Blochwitz 549(20062), Asp 
ustus Thom and Church 575(20063), Asp. 
20 terreus Thom 1960(20064), Asp. ochraceus 
Wilhclm 585(20065), Penicillium frequentans 
Westling 499(20066), Pen. granulatum 503 
(20067), Pen. griseum Thom 505(20068), 
Pen. canesccns Sopp 485(20069), Pen. spinu- 
25 losum Thorn 521(20070), Pen. thomii Maire 
523(20071), Pen. waksmani Zaleski 531 
(20072), Pen. raistrickii (Smith) 517(20073), 
Pen. expansum Thom 597(20074), Pen pur- 
puresccns Sopp 540(20075), Pen. funiculosum 
30 Thom 545(20076), Pen. spiculisporum Leh- 
man 547(20082), Pen. velutinum (Van Bev- 
ma) 527(20081), Pen. purpurosenum Stoll 
515(20077), Pen. spinulosum Thom 522 
(20078), Pen. lilacinum Thom 535(20079), 
Pen. rubrum Stoll 525(20080), Cephalo- 
sporium sp. Corda 901(20083), Alternaria 
tenuis Nees 225(20084), A.tenuis 414(20085), 
Fusanum solani Appel & Wollenweber 478 
(20086), Fus. moniliforme Sheldon 727(20087), 
40 Fus. coeruleum Sacchardo 725(20088), Fus 
oxysporum Schelechrendahl 735(20089), Stem- 
phyhum macrosporoideum Saccardo 700 

(20090) , Macrosporium apiospermum 653 

(20091) , Fusarium onhoceras Appel & Wollen- 
45 weber 729(20092), Absidia glauca + (Hagem) 

1801(20093), Mucor mucedo Brefeld 1202 

(20094) , Mucor hiemaJis Wehmer 1205 

(20095) , Mucor racemosus Fresnius 1209 

(20096) , Rhizopus arrhizus Fisher 1212 

(20097) , Basidomycetes sp. 1500f2009S') 
(c) Yeasts: * 1 
Geotrichum candidum Link 801(20099) 
The invention also includes a process for 

producing and purifying the urate oxidase thus 
55 making it possible to obtain the product in 
a very- active form. This activity, expressed 
in uricase units, in accordance with a defini- 
tion which will be given hereafter, is generally 
between 10 and 500 units per milligram. The 
60 method cf measuring the activity is described 
subsequently. 

In accordance with the present invention 
there is provided a process for producing a 
urate oxidase which promotes the oxidation 
of uric acid to allantoin which comprises cul- 
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tivating an active strain of a bacterium, a 
fungus or a yeast in or upon an aqueous 
nutrient medium comprising an assimilable 
source of carbon, a source of assimilable nitro- 
gen, and uric acid under conditions of aerobic 70 
fermentation, separating the culture from the 
aqueous medium and isolating said urate ox- 
idate from the culture and /or from the re- 
sulting aqueous medium. 

The process of the invention involves culti- 75 
vating the urate oxidase producing micro- 
organism, either by using a submerged pre- 
culture, sparsely or not sporulated, entirely in 
a liquid medium which is suitably agitated 
and aerated, making it possible to produce 80 
considerable amounts of the micro-organism, 
preferably at temperatures between 20 and 
35°C and during 4 to 12 davs of cultivation, 
or by cultivation entirely upon a solid medium 
making it possible to obtain spores at tern- 85 
peratures between 20 and 35°C during 6 to 
15 days of cultivation. The thus prepared 
inoculum is used to seed a nutrient medium 
containing urate ions and in effectine fermen- 
tation at a temperature which is preferably 90 
between 20 and 35°C. The microbiological 
mass is separated from the liquid phase, "pre- 
ferably when maximum production has been 
attained, and the urate oxidase is extracted 
from the microbioloaical mass and/or from 95 
the liquid phase. The crude urate oxidase 
thus obtained is then purified. 

In preparing the inoculum prc-cultivation 
in depth may be carried out in a Czapeck- 
Dox or in a Sabouraud medium. If it is 100 
desired to use a solid medium, the culture 
mav be effected upon malted rice. 

Extraction of the endocellular urate oxidase 
from the micro-biological mass may be effec- 
ted by solidifying this mass, pulverising it and 105 
submitting the pulverised material to a solid- 
liquid extraction procedure. 

A preferred inoculum which is highlv active, 
is one obtained from an enriched culture of 
the species Aspergillus flavus. However, the hq 
process is applicable to other micro-organisms 
which produce endocellular urate oxidase, in 
particular but not exclusively to those micro- 
organisms which have been set out above. An 
analogous process may be used for those micro- 115 
organisms which produce exocellular urate 
oxidase, by treating the filtrates of the culture 
medium in the same manner as the cellular 
extracts of micro-organisms which produce 
the endocellular urate oxidases. 

Culture Medium 
The culture media should contain all the 
organic and inorsanic constituents which are 
necessary for satisfactory development of the 
micro-organism and for the production of 125 
uricase in hieh yield. Thev should contain: 
(a) a source of assimilable carbon, in particular 
but not exclusively simple sugars such as 
glucose or saccharose, alone or in admixture, 
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in concentrations between 1 and 10% by 
weight (with respect to the total weight of the 
culture medium); (b) a source of assimilable 
nitrogen which is usually supplied in the form 
5 of inorganic nitrogen, such as ammonium 
chloride or sulphate, or an alkali nitrate, in 
concentrations between 1 and 10% by weight; 
and (c) inorganic elements such as phosphorus, 
magnesium, potassium, sodium, calcium and 
10 iron, in concentrations generally between 
0.0001 and 0.5% by weight, as well as uric 
acid, in an amount between 0.01 and 0.2% 
by weight as an inductor. 

The above ingredients may be supplemented 
15 by oligodynamic substances such as amino 
acids, vitamins and growth factors, nucleotides 
and inorganic trace elements such as man- 
ganese, molybdenum, copper, cobalt and zinc. 
Depending upon their nature, these substances 
may be supplied, for example, by yeast ex- 
tracts, malt extracts or by the hydrolysis pro- 
ducts of animal and/or vegetable proteins or 
by inorganic salts. These may be used in 
concentrations between 0.0001 and 0.5% by 
bv weight. 

The various constituents, previously steril- 
ised, can be added either partially or entirely 
when preparing the culture medium, prior to 
seeding, cr during the course of the fermenta- 
tion and, in the case of certain elements, on 
account of their special importance., during the 
synthesis of the enzyme. Thes: constituents are 
essentially, but not exclusively, nitrogen and 
phosphorus-containing constituents and uric 
acid. 

Cultivation Conditions 
Cultivation is generally effected in depth 
employing agitation and aeration. Agitation 
may be bv stirring which may vary, depend- 
40 if-g ucon the installation used, between 10 
and 200 r.p.m. Aeration is preferably effected 
at a rate between 0.C5 ?—i 0.5 litres of air 
per litre of medium per minute. Sufficient 
agitation can be achieved by bubbling through 
air. It should be noted however that agitation 
and aeration conditions which lead to too 
rapid and too intensive development of the 
mycelium may be prejudicial to optimum pro- 
duction of the enzyme. 

It is desirable to maintain the medium 
durins the entire cultivation period at a tem- 
perature between 20 and 35°C and it is pre- 
ferably 30°C. and a pH between 4 and 8, 
preferably 6.5. 

DURATION OF THE CULTIVATION: 
Cultivation is continued, preferably, until 
optimum enzyme activity is attained, this 
being determined by the analytical method 
which will be subsequently described. It is 
recommended that the fermentation be carried 
out to a substantially constant value of opti- 
mum enzvme activity, rather than to a value, 
which is possibly greater but is transistory. 
The culture generally attains maximum acti- 
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vity after from 15 to 60 hours culture; this 
time varies with the nature of the culture 
medium, the strain of inoculum employed and 
the conditions of cultivation. 

Extraction of the Enzyme 
When fermentation is complete the culture 
medium is filtered in order to separate the 
mycelium; the latter is washed with water and 
thereafter pulverised for the purpose of ex- 
tracting the uricase. In order to carry out pul- 
verisation it is possible to freeze the mycelium 
at temperatures which may be below — 10°C 
by means of carbon dioxide ice or carbon 
dioxide snow or by any other process which 
makes it possible to freeze the mycelial mass 
rapidly and completely. Freferably freezing is 
carried out at temperatures between —15 and 
— 30°C. The mycelium is thereafter pulver- 
ised in an apparatus which enables complete 
separation of the mycelial constituents, with- 
out modifying the enzyme. 

The pulverised product is extracted in water 
containing a buffer agent or in aqueous am- 
monia, brought to a pH which is preferably 
between 7 and 10, preferably 8.5,- for the 
purpose of extracting the enzyme. This opera- 
tion is carried out at a temperature below 
30°C by using a suitable extraction process. 
Moreover, in order to render the extract more 
stable a complexing agent may be added in a 
concentration of the order of 0.001 M, for 
example cthvler.cdiamine tetraacctic acid, gen- 
erally in the form of the sodium salt. The 
suspension is thereafter filtered and dried. 
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Purification of the Enzyme 
The mycelial extract thus obtained contains 100 
the uricase together with numerous proteins 
and other substances, in solution or in a col- 
loidal state; they may have to be removed by 
defecation by means of salts with which they 
form complexes. Suitable salts include cal- 105 
cium salts, such as calcium chloride and lead 
salts such as lead acetate, which make it poss- 
ible to eliminate a great number of impuriries 
in the form of insoluble compounds. Further- 
more, as the extract itself easily undergoes fcr- 110 
mentation, and is consequently rather perish- 
able, there may be added to it an antibiotic 
such as chloramphenicol, or an antiseptic, for 
example sodium azide, in amounts which may 
be between 10 and 500 ug/ml, preferably 100 115 
ug/ml. 

The uricase, being soluble in water but 
insoluble in organic solvents and in concen- 
trated aqueous" solutions of inorganic salts 
such as ammonium sulphate, can be recovered 120 
easily, either bv precipitation with the aid of 
an organic liquid which is miscible with water, 
for example ethanol, methanol or isopropanol 
or more prcferablv acetone, used in the pro- 
portion of 0.5 to 3 volumes per volume of 125 
extract, or bv salting out with a water-soluble 
salt especially with a saturated solution cf 
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ammonium sulphate at room temperature, also 
used in a proportion of 0.5 to 3 volumes per 
volume of extract. 

If desired, the mvcelial extract may first be 
5 concentrated, by carrying out the operation 
under reduced pressure at a temperature be- 
low 40 : C. 

The precipitate thus obtained is separated, 
for example bv centrifuging. The organic 

10 liquid which it contains is removed rapidly 
under reduced pressure, without applying heat. 
The precipitate can then be dissolved in water 
for the purpose of lyophilisation, after filtra- 
tion or centrifuging, which results in the pro- 

15 duction cf a semi-purified product. In order 
to obtain a sterilised product, filtration using 
membranes of a filter candle is carried out 
prior to lyophilisation. 

In the case of precipitation by salting out, 

20 the salts may be removed cither by dialysis 
or by rapid filtration using a suitable mole- 
cular sieve, for example, a dextran gel or a 
polyacrylamide gel. 

It is possible to combine the two opera- 

25 lions, for example, to submit an aqueous 
extract obtained by dissolving a crude pre- 
cipitate obtained by precipitation from acetone 
in a buffer solution at a pH 8.5 to a salting 
out process. 

30 It may be necessary to purify the substance 
still further, for example by means of a series 
of precipitations from aqueous media, gener- 
ally fractional precipitations, using organic 
liquids miscible with water or aauccus sclu- 

35 tions containing ammonium sulphate. It is 
also possible to make use of adsorption upon 
hydroxyapatite, bentonitc and alumina and 
subsequent extraction, followed by eluiion 
using saline solutions. The purification can 

40 be carried still further by subjecting the thus 
treated products to chromatography, which 
may be a cyclic or non-cyclic process, by 
making use of columns of substances which 
make it possible to eliminate those impurities, 

45 in particular proteins, which are still present 
in the extract. The substances which can be 
used for this purpose fnclude columns of cellu- 
lose ion exchange materials, dcxtrans and 
polyacrylamides. Elution may be effected by 

50 means of liquids in which there is a con- 



tinuous or discontinuous change in the pH or 
in the molarity thereof. 

The uricase is obtained in the form of an 
amorphous, colourless or slightly yellow 
powder which is soluble in water and the 55 
conventional buffer solutions, the solubility 
being greater in alkaline solution than in an 
acid solution. It is insoluble in the usual 
organic solvents such as ethanol, methanol, 
acetone, diethyl ether and chloroform. The 60 
pH of solutions having optimum activity is 
8.5 and the temperature at which the uricase 
exhibits optimum activity is 30°, the activity 
is, however, still quite high at 37°C. The 
activity of the uricase is partially inhibited 65 
bv the following cations: Zn ++ , Cd + ~, Mn ,T , 
Fe" +T , Or"*", Ni^ 4 ", Al + ^ : at concentrations 
of 10" 4 and 10 _3 M, and by Hg^ + at a con- 
centration of 10 +6 M. Cu~ + is a weak inhi- 
bitor (30% inhibition at 10~"M\ Calcium, 70 
sodium, potassium, magnesium and ammon- 
ium ions either do not or only siightlv inhibit 
activity up to concentrations of 10 -! M. 

The following anions: borate, carbonate, 
acetate, citrate, nitrate, chloride and phos- 75 
phate have no effect on the uricase at con- 
centrations of 10 -6 to lCT'M; however the 
nitrate and chloride anions can become partial 
inhibitors at concentrations of the order of 
lO^'M. 80 

The uricase has no effect upon caffeine, 
theobromine, theophylline, xanthine. S-chlor- 
oxanthir.e or 2.8 - dithio - 6 - hydroxvpurinc, 
that is to say, upon the principal biological 
products the chemical structure of which is 85 
closely similar to that of uric acid. Conse- 
quently this enzyme can be regarded as 
extremely specific. 

In solution the activity cf the uricase is 
protected by animal blood serum. 90 

The following examples illustrate the new 
uricase and its preparation. 

Example 1 

Strain: Aspergillus flavus orvzae Xo. 624 
(A.T.C.C. No. 20047) 95 

Inoculum: Sporulated culture, grown on rice 
for 9 days at 28°C in two Roux bottles 
each of 1 litre capacity and then taken up 
in two litres of physiological salt solution 
containing 6 g of sodium chloride per litre. 100 
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Culture medium: 
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Partially crystalline glucose of high dextrose 
content 



40 kg 



Sodium nitrate 


3 Kg 




Dipotassium hydrogen phosphate 


0.750 


kg 


Monopotassium dihydrogen phosphate 


0.250 


kg 


Calcium carbonate 


1 kg 




Magnesium sulphate (7 H,0) 


0.500 


kg 


Ferrous sulphate (7 H 2 0) 


1 g 




Cobalt sulphate (7 H..O) 


10 g 




Yeast extract 


1 kg 




Soluble extract of maize 


0.300 


kg 


Uric acid 


0.600 


kg 



Water in an amount sufficient to make 1000 
litres pH of the culture medium : 6.45. 

The culture medium was sterilised for 30 
5 minutes at 120°C. Seeding after cooling with 
the inoculum described above. 

Cultivation: during cultivation the tempera- 
ture of the culture medium is maintained 
at 28° ± 1°C, the culture medium is aera- 
10 ted by means of sterile air blown in to the 
bottom of the container at a rate of 0.3 
litres per litre of culture medium per 
minute. After 24 hours of cultivation under 
the indicated conditions 20 kg of mycelium 
15 having a content of 150 ,'t/g of uricase is 
obtained. The mycelium is washed with 40 
litres of sterile distilled water and then 
cooled rapidly to 20°C. 
To separate the .enzyme the mycelium is 
20 frozen at — 20°C, pulverized and then taken 
up in 40 litres of aqueous ammonia having a 
pH 9; after concentrating the solution to one- 
quarter of its original volume under reduced 
pressure and precipitation by addition of two 
25 volumes of acetone, 380 g of a crude product 
containing 7000 ,«/g of uricase is obtained. 
This product is taken up in 3.8 litres of a 
0.C02 M aqueous sodium carbonate solution. 



After centrifuging the solution is treated with 
an equal volume of a saturated aqueous solu- 30 
tion of ammonium sulphate. The precipitate 
thus obtained is separated by centrifuging, 
then taken up in an aqueous solution of 
0.002 M sodium carbonate; the insoluble re- 
mainder is eliminated by centrifuging. The 35 
supernatent solution is then freed from in- 
organic constituents using a column of a 
dextran gel buffered with 0.002 M sodium 
carbonate, and the active eluates are sterilised 
by passing them over a Millipore GS mem- 40 
brane (the word "Millipore" is a Registered 
Trade Mark) and are then lyophilised. 57 g 
of a product containing 49,000 ,«/g of uricase 
are thus obtained. 

Example 2 45 
Strain: Aspergillus flavus oryzac No. 624 
Inoculum: This is prepared by seeding 2 
litres of a Saboraud liquid medium with 
an agar culture on a Czapeck-Dox culture 
medium. After 40 hours cultivation this 50 
culture is used for inoculating 100 litres cf 
a fermentation liquid containing the same 
culture medium as in Example 1. At the 
end of 30 hours cultivation at 2S°C this 
second inoculum is used for seeding the 55 
actual fermentation medium. 
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Culture medium 

Glucose as used in Example 1 ^0 kg 

Saccharose 15 k S 

Sodium nitrate ^ k 3 

Dipotassium hydrogen phosphate 2.250 kg 

Monopotassium dihydrogen phosphate 0.750 kg 

Calcium carbonate 3 k S 

iMagnesium sulphate 7 H.O 1 kg 

Ferrous sulphate 7 H 2 0 3 g 

Soluble extract of maize 1 kg 

Malt extract 1 k S 

Caesin hydrolysate °- 300 k S 

Copper sulphate 1 8 

Uric acid 2 k § 



Water in an amount sufficient to make 
3000 litres. 

The culture medium was sterilised for 1 
5 hour at 120°C. Seeding, after cooling, was 
carried out with the inoculum produced as 
described above. 

Cultivation: During cultivation the tempera- 
ture of the culture medium is maintained 
10 at 30° :±-.l°C and the culture medium is 
agitated by means of a propeller revolv- 
ing at 150 r.p.m. The culture medium is 
aerated by means of sterile air at the 
rate of 0.2 litres/litre of culture medium 
15 per minute. After 31 hours of cultivation 
there is added to, the culture medium 2 kg 
of sodium nitratf, 0.5 kg of yeast auto- 
lysate and 0.5 kg of uric acid, all of which 
have been previously sterilised. After 43 
20 hours of cultivation 60 kg of mycelium con- 
taining 140 «/g of uricase is obtained. The 
mycelium is washed with sterile distilled 
water and then rapidly cooled to — 20°C. 
The frozen mycelium is pulverised and 
25 then extracted by means of 120 litres of 
aqueous ammonia having pH 9. After 
filtration the pH of the extract is readjusted 
to 9 and the volume of this extract reduced 
to 40 litres by concentration under reduced 
30 pressure. The concentrated product is puri- 
fied by treatment with an aqueous solu- 
tion of basic lead acetate containing 10% 
by weight of lead. After centrifuging the 
supcrnatent liquid which contains the uri- 
35 case is admixed with 48 litres of a satur- 
ated aqueous solution of ammonium sul- 



phate. The precipitate obtained is separated 
by centrifuging, taken up in 2.5 litres of a 
0!002 M aqueous sodium carbonate solution 
and then passed through a column of a 40 
dextran gel. The active eluatcs are lyophi- 
lised and there is thus obtained 54 g of 
a product containing 91,000 »/g of un- 
case. 

Example 3 
The process described in Example 2 is re- 
peated and there is obtained 58 g of a pro- 
duct containing 87,000 u/g of uricase. This 
product is dissolved in a 0.01 M ammonium 
carbonate solution and the solution, buffered 
by a 0.01 M aqueous solution of ammonium 
carbonate at pH 9 is passed over a column cf 
diethylaminoethyl cellulose. The column is 
subsequently washed with a 0.05 M am- 
monium carbonate solution. The uricase is 
eluted from ihe column by increasing the 
molarity of the buffer solution during the 
course of the elution. There is obtained in 
iiquid form the equivalent of 4.7 g of a pro- 
duct containing 340,000 ,"/g. 

Example 4 

4.7 g of the purified product obtained as 
described in Example 3 is subjected to further 
purification in the following way: 

The most active fractions obtained by 
elution during chromatography on a column 
of diethylaminoethyl cellulose are concen- 
trated under reduced pressure until their 
volume is brought to one sixth of their ori- 
ginal volume and the concentrated product 
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is then passed through a column of a dextran 
gel. By selecting the most active eluates there 
is obtained in liquid form the equivalent of 
1.1 g of a product corresponding to 520,000 

5 >"/& of uricase. 

In Examples 3 and 4 the activity is ex- 
pressed specifically by reference to the total 
activity to the quantity of proteins contained 
in solution, determined by the microbiuret 

10 reaction, whereas in examples 1 and 2 it is 
expressed with reference to the weight of 
the dry product. 

The uricase of this invention renders pos- 
sible the rapid, specific and intensi%'e elimina- 

15 tion of uric acid and of urates present in the 
animal organism by conversion into water- 
soluble allantoin. It can be used, in parti- 
cular, as a laboratory product in research and 
analytical studies of uric acid. 

20 Method of Determination of Uricase: 

The method of determining the urate oxi- 
dase or uricase used by the Applicants is 
given below. 

1. Principle: 

25 The uricase of microbiological origin cata- 
lyses the oxidation of uric acid to form allan- 
toin in the presence of oxygen according to 
the reaction: 
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The activity is measured by determining 
the quantity of uricase required, under con- 
ditions hereafter described, to oxidise one half 
of the uric acid present in the reaction medium. 
The determination is based upon the fact 
that the optical density of a solution of uric 
acid falls after incubation with the enzyme 
preparation. Uric acid in acid solution has 
a maximum absorption in ultraviolet light at 
2S5 millimicrons. The optical density under 
the conditions of the determination is propor- 
tional to the concentration of the uric 
acid and this fact makes is possible to measure 



the uric acid utilised and, consequently, to 
determine the activity of the enzyme. 

One unit of uricase activity is that amount 
of enzyme which, added to 100 micrograms 
of uric acid in 1 ml. of the solution herein- 
after defined, will catalyse the destruction 
of 50 micrograms of uric acid, i.e., one half 
of the initial amount, after an incubation 
period of 10 minutes at 30°C. 

2. Reagents. 

(a) purified uric acid No. 6671 "Grade C" 
from California Biochemical Research, 

(b) tris(hydroxymcthyl)aminomethane abbre- 
viated to "Tris"), a highly pure product from 
Fluka, 

(c) complexon III (disodium salt of ethy- 
lenediamine tetracetic acid) manufactured pure 
for analysis from Prolabo, reference 20,302, 

(d) hydrochloric acid pure for analysis from 
Prolabo, reference 20,252. 

A — Preparation of the reagents 

a) Primary solution of Tris + "Complexon 
III". 

6.05 g of Tris are dissolved in about 100 
ml of distilled water and 373 mg of Com- 
plexon III are dissolved in 50 ml of distilled' 
water, the two solutions being admixed and 
made up to 500 ml with distilled water; 

b) 0.05 M buffered solution of Tris having 
pH 8.5. 

To 250 ml of the primary solution (a) there 
is added about 150 ml of distilled water, 
the pH is adjusted to 8.5 with 0.2 N hydro- 
chloric acid, the solution then transferred to 
a 500 ml graduated flask and made up to 
50O ml with distilled water; 

c) Primary solution of uric acid. 

100 mg of uric acid are dissolved in 50 
ml of primary solution (a), 30 ml of dis- 
tilled water is added and the pH is ad- 
justed to 8.5, after which the solution is 
transferred to a 100 ml graduated flask and 
made up to 100 ml with distilled water. This 
solution of uric acid can be kept for , one 
week in the cold: 

d) solution of the substrate containing 100 
,"g/ml. 

The preceding primary buffered solution 
having a pH S.5 is diluted tenfold (solution 
to be used within 24 hours). 

e) enzyme solution: 

The concentration is adjusted to about 0.5 
,"/ m l- 

B — Procedure. 

Into 4 graduated culture tubes each hav- 
ing a capacity of 10 ml there are introduced: 
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Tube No. 1 



No. 2 



No. 3 



No. 4 



Buffered Tris 
Enzvme solution 



5 ml 



4 ml 



3 ml 
2 ml 



2 ml 
2 ml 
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The culture tubes are placed upon a water 
bath and after a pre-incubation period of 5 
minutes 1 ml of the uric acid solution con- 
taining 100 '<g/ml is introduced into the cul- 
ture tubes 2 and 4. 

The culture tubes are then left to incubate 
for 10 minutes at 30°C and the reaction is 
stopped bv adding 0.2 M hydrochloric acid. 

Culture' tubes 2 and 4 are respectively com- 
pared with tubes 1 and 3, which are used as 
controls, by means of an ultra violet spectro- 
photometer using a wavelength of 285 m«. 

Tubes 1 and 2 can be used as controls for 
a series of determinations of optical density. 
Tubes 3 and 4 are used for the actual deter- 
minations. 

C — Calculating the result!:. 

A standard curve for a uricase having a 
concentration equivalent to 50 or 100 «/mg 
is used. This curve was prepared from a fuller 
determination using four dilutions of the 
enzyme. On this standard curve the enzyme 
concentrations are recorded as abscissae and 
the optical densities obtained after the action 
of the uricase present in the diluted solutions 
are shown as ordinates. On the curve there 
is noted the optical density corresponding to 
the test and from the abscissa there is read 
off the dilution of the standard product which 
produces an activity equivalent to 2 ml of the 
diluted solution used. A rapid calculation 
makes it possible to obtain the activity of 
the solution or of the initial product. 

- Example : 
Standard: Product containing 50 u/mg 
Concentration of the standard solution utilised 

is 10 M.g/ml:0.5 u/ml 

After dilution to 1/1000 the optical den- 
sity obtained after the action of 2 ml of the 
diluted solution is equal to 0.500. This opti- 
cal density corresponds upon the standard 
curve to the action of 1 ml of standard solu- 
tion. 

Thus there is obtained : 



0.5 u X 1 X 1000 



-=250 u/ml 



50 



This rapid method of determination can be 
applied in assaying products during the course 
of manufacture or in assaying the final pro- 
ducts. A more detailed method of assay using, 
for example, four dilutions of each product 



thus making it possible to construct an acti- 
vity curve for each product, can be utilised 
for the accurate determination of the purified 
products. 

For the purpose of conserving and utilis- 
ing the new urica.-.e, and in particular the pro- 
duct which is obtained according to the pre- 
ceding examples, the uricase can be lyophi- 
lised in a sterile medium under conventional 
conditions using an aqueous solution which 
has been sterilised by use of a sterilising filter 
such as a Millipore filter. 

The pharmacological properties of the un- 
case described above have been determined by 
means of tests which will now be described 
with reference to the accompanying draw- 
ings. 

1) The administration of the uncase to 
chickens by ir.tra-pentoneal and intravenous 
administration, for the purpose cf studying 
the actual effect upon the uricemia; especially 
using a dosage of 20 to 30 units/kg, admini- 
stered intravenously, there is obtained a_ re- 
duction in the uricemia of the crder of 70 . (, 
which persists for at ka~,t two hours. Figures 
1 ^intraperitoneal administration of the un- 
case; and 2 (intravenous administration) of the 
drawings illustrate these results in the form 
of twosraphs, the reduction in the uricemia, 
expressed as a percentage of its original value 
being represented as ordinates, whereas the 
time in hours is represented as abscissae. 

2 s . The uricase has been administered to 
dogs. However, as the dog does not have any- 
uric acid in its blood, an investigation of the 
uricase activity in the piasma was carried 
out bv injecting the animals with the un- 
case. It was found that the enzyme persists 
in the blood for more than 24 hours, irrespec- 
tive of whether it is administered intra- 
venously, intramuscularly or subcutaneously. 

Because the deg dees not have uricemia 
as it possesses a natural uricase in the liver, 
the uricase tests have been carried out on 
dogs in which normal uricemia has been 
brought about by excluding the circulation 
of the liver. Under these conditions a high 
degree of uricemia was found to occur and 
it was found that administration of the uri- 
case of the invention led to a considerable 
reduction and even to a complete elimination 
of the uricemia, as shown in Figures 3 to 6 
of the drawings. Figures 3 to 5, in which the 
time in hours is shown on the abscissae (log- 
arithmic scale) and in which the number of 
units of uricase activity per ml of plasma is 
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shown as ordinates, represent the uricase acti- 
vity of the plasma of dogs which have not 
been anaesthetised but which have been 
treated with the uricase of the invention, ad- 

5 ministered in dosage; of 38 (intravenous), 76 
(intramuscular) and 152 units (subcutaneously) 
per kg bodyweight respectively. Figure 6 of 
the drawings represents the action of the uri- 
case (110 units/kg; intravenous) on the 

10 uricemia in dogs excluding the liver circula- 
tion; the uricemia, expressed in ug/ml, is 
shown as ordinates and the time, expressed in 
minutes, is shown as abscissae. 

3) The uricase does not have any pro- 
15 nounced effect in dogs upon blood pressure, 

cardiac frequency, cardiac electrogenesis, ten- 
sional responses to various chemical media- 
tors or upon the respiratory movements. It 
has no effect in dogs on water or inorganic 
20 diuresis. 

4) The uricase being a protein by nature 
behaves as an antigen. In the course of the 
various tests carried out in studying the anti- 
genic effect of this product, it did not ex- 

25 hibit any allergic properties but only immunis- 
ing properties. A rabbit which has been 
hyperimmunised with uricase to which there 
is added the adjuvant of Freund reacts by 
forming antibodies which are easily detected 

30 by the method of Ouchterlony (1948, Acta. 
Path. Microb. Scandinav., Volume 26, (1949), 
page 507). 

From all the tests carried out upon chic- 
kens and upon dogs it can be concluded that 

35 injections of uricase given at weekly inter- 
vals of time bring about an immunity which 
only disappears after several months. On the 
other hand daily injections only bring about 
a very low immunity or no immunity at all 

40 and the immunity produced is only 
ephemeral. The immunity is lower the higher 
the dose of uricase injected. 

5) The uricase has no acute toxicity. A 
dose of 10,000 units/kg injected intravenously 

45 into mice causes no pathological symptoms. 

6) Numerous immunological tests in which 
animals were injected with various doses of 
uricase at different intervals of time did not 
show any noxious effect. 

50 7) Toxicity tests have been carried out 
upon dogs using dosages of 200 and 1000 
units per animal per day. The uricase has 
been administered intravenously for four 
months without producing any abnormal 

55 phenomenon or noticeable histological modi- 
fications in the animals. 

The novel uricase which will he denoted 
hereafter bv its code number 8129 CB has, 
moreover, been subjected to clinical tests 

60 which will he discussed hereafter. 



These tests have been carried out on male 
adults. The uricase 8129 CB was admini- 
stered intravenously, the dosage being about 
1000 units at each injection. Three tests have 
been carried out: 

Test No. 1 : . 

Four adults were given the product. Their 
uricemia was studied prior to injection and 
then 90 minutes, 3 hours, 5 hours and 24 
hours after the treatment. 

Test No. 2: 

Three adults were given the product. Their 
uricemia was investigated prior to treatment 
and then every 24 hours for 3 days. Simul- 
taneously the urinary elimination of allantoin 
was studied on samples of urine taken every 
24 hours. 

Test No. 3 : 

Two adults who had gout were given, each 
d'av, for 6 days per week, an ampoule con- 
taining 1000 units of 8129 CB. The uricemia 
was determined every 24 hours, with the ex- 
ception of Saturday and Sunday. The allan- 
toin in the urine was determined on samples 
of urine every 24 hours except on Saturday 
and Sunday. The total number of injections 
was 9 in one case and 10 in the other. ; 

As a general rule there was good tolerance 
of the product in all cases. 

Test No. 1 : 

The results obtained are shown in Table 
No. l(.A"i given hereafter. The uricemia 
diminishes to a minimum of 42% at the 24th 
hour in all cases. 

Test No. 2: 

Table No. 1 (B) sets out the results ob- 
tained. Twenty-four hours after treatment the 
extensive diminution of the uricemia observed 
in Test No. 1 is also found to occur here. 
As a corollary the urinary allantoin increases 
vcrv markedly. 

At the 72nd hour after treatment the quan- 
tity of allantoin eliminated is still greater 
than :he original value and the uricemia has 
a tendency to return to normal. 

Test No. 3 : 

The results obtained arc shown in Table 
No. 2. Elimination of allantoin during 24 
hours reaches, in the course of 3 days, 1,500 7, 
of the original value. In one instance the uri- 
cemia is maintained at a verv low value. After 
the 10th injection the uricemia is alwavs 
greatly reduced and the quantity of allantoin 
excreted remains high. 



65 



70 



75 



80 



85 



90 



95 



100 



105 



110 



10 



1,198,764 



10 



z 
o 



3 
O 

■a 



•a 

o 



z > 
2 o 



in 'C 



o 
?5 



< 



u 

■a 
c 

2 



O " 

4-1 

O u 

< CO 

-> n 



< 

u S 
to 



o a 
g is 
^3 



_ o > 
oo ^ 



+ 



o 



o 

vo 



£ S3 



03 

u 



z 
o 

6 

z 



o 
z 



o 

►J 
ca 
< 



c 
'3 
c 



c 



3 
O 

•* 
CM 



T3 
O 



•a 
c 



o 
s- 
z 

•c . — . 

l-l cn 
Z ^ 

[la tO 

<= £ 
z v ~' 
o 

P 
<: 
z 



^ 8. 

to 



J3 
oo 



2 S 

t! B 





oo 


oo 




VO 

o-> 

■ — 4 


VO 
■<J< 




■cr 


63 182 




o 
oo 
CO 


vO 










cm 


vo 


oo 






t» 




rr\ 


m 


r— 


P- 


<^ 


« 

rn 


vo 
CM 


m 


CM 


CI 


o 


ei 


O 
cs 


VO 


rn 


oo 


in 
en 


in 


CM 
CO 


MER 


HOU 


BAR 



10 



11 



1,198,764 



11 





to 








to 




r» 




vO 


to 




CO 


to 


to" 


o 


to 




to 


oo 






uS 


to 


D 
O 


aS 
< 




=3 



09 



o 



2 
O 



z 

Q 

t- 
< 



c 
o 
•a 



t>0 
C 



cl 
u 



J3 



O 

o 
u 

CI 

es 



ci T3 to 

C wo .2 



« 2 s: 

3o E 



.2 -C 



(_) — ■ 

■a ^ i 



5 = 1? 



CI 

3 si 



to to 

« •= > 

X c >-i 

Q w 



o y 



Q a 



o 

o 
o 



•35 O 

i-s 



n3 c 

•a -2 

Cl L* 
B.<2 r 



Cl I C3 

■sis 
« s 

.5 °^ 

2 ~ 

O c c 
t-l 3 es 



« « 

3 

o 

O c 
Cl 
Cl > 

"H.G 



c 
< 



S 

="•5.2.1 
® "a _ 



to 



3 



; c o 3 c 

t t- u '-j 

'S 8 ii| 

'§ ."§"> 

: s >; lc -3 

! fa « * M 

I- to 

• u g £ ° 

; .c o ci •-■ 

: e <u £ ."2 

■-n C — 

. <_» C o CJ 

c o 

w « O O 

■5 g ag 

C3 w 

) | ? t£« 

: 3 c — 

' *-* 

e >? o •§ 



"§■5 2 

r; o 



*3 v» _0 
™ 3 
c ° t - 

E c o 

> co 

"Si 
•°.s i 

e 

cs y 
« ^ p ' 

a J » 
tj 3 

= 3 5' 
<y 2 H 
j= o S 
' c -S 



o 

I 

to 

"5 
■3 



y n " 

to 3 

CI ci O 
ci 

a. c c 

y ^ w 

5 n p 

n a u 




12 



1,198,764 



12 



Sodium bicarbonate 
glucose 

Distilled water in an amount 
sufficient for 1000 ml 



S40 mg 
50 g 
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The lyophilisation of the uricase was car- 
ried out in a sterile medium under the usual 
conditions, using an aqueous solution which 
had been sterilised on a sterilising filter such 
as the Millipore niters. 

It is likewise possible to use aqueous solu- 
tions, ready for use, of a highly purified uri- 
case containing 200 to 500 u/mg, by storing 
the solutions at a sufficiently low temperature, 
the solutions being prepared from the highly 
purified uricase and from an aqueous solu- 
tion of ammonium carbonate having a con- 
centration of 0.1 M ammonium ions, this 
solution having been brought to pH 8 by 
means of carbon dioxide. A solution contain- 
ing, lor example, 200.000 units of uricase per 
1000 ml, is sterilised by filtration and is intro- 
duced in a sterile manner into sterile am- 
poules, at the rate of 5 ml per ampoule. 

WHAT WE CLAIM IS : — 
1. A urate oxidase in the form of an 
amorphous, colourless or pale yellow powder 
which (a) is soluble in water and in aqueous 
buffered solutions, the solubility being greater 
in alkaline than in acid media and is insol- 
uble in methanol, ethanol, acetone, diethyl 
ether and chloroform, (b) exhibits maximum 
activity as an oxidant of uric acid to allan- 
toin at pH 8.5 and at 30 C C, the activity 
nevertheless being substantial at 37°C, (c) 
35 is partially inhibited by the presence in aqueous 
solution of anv of the cations Zn L+ , Cd" 1 "", 
Mn ++ , Fe- +T ", Co J - + , Ni i+ and Al""" 5 " 
at concentrations of 10 4 — 10~ S M, by Hg -1 ""^ 
at a concentration of 10" S M and by Cu h+ 
at 10 "M, (d) is unaffected by the presence in 
aqueous solution of any of the cations Ca~" r , 
Na*", K + , Mg"* 4 and NH, + at concentrations 
not exceeding 10" 'M, (e) is unaffected by the 
presence in aqueous, solution of any of the 
anions borate, carbonate, acetate, citrate, nit- 
rate, chloride and phosphate at concentra- 
tions of 10"° to 10" 2 M, the chloride and nit- 
rate ions becoming partial inhibitors of acti- 
vity at concentrations of 10" 5 M, and (f) with- 
out action upon caffeine, theobromine, theo- 
phylline, xanthine, 8-chloroxanthine and 2,8- 
dithio-6-hydroxypurine. 

2. A process for producing a urate oxidase 
as defined in claim 1, which comprises culti- 
vating an active strain of a bacterium, a fun- 
gus or a yeast in or upon an aqueous nutri- 
ent medium comprising an assimilable source 
of carbon, a source of assimilable nitrogen, and 
uric acid under conditions of aerobic fermenta- 
60 tion, separating the culture from the aqueous 
medium and isolating said urate oxidase from 
the culture and/or from the resulting aqueous 
medium. 
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3. A process as claimed in claim 2, in which 
ihc bacterium is B.mcgathcrium, B.subtilis or 

B.cercus. . 

4. A process as claimed in claim 2, in 
which the fungus is of the genera Mucor, 
Khizopus, Absidia, Fusarium, Alternana, 
Penicillium, Aspergillus, Cephalosponum, 
Stemphylium, Macrosporium, and Basi- 
diomveetes. 

5. "A process according to either of claims 
2 or 4, in which the fungus is Aspergillus 
flavus. Asp. orvze, Asp. tamarii. Asp. ter- 
ricola, Asp. luchuensia, Asp. niger, Asp. 
svdowi, Asp. nidulans, Asp. wentii, Asp. fon- 
secaeus, Asp. clavatus, Asp. ustus. Asp. ter- 
reus. Asp. ochraceus, Penicillium frcquen- 
tans, P. granulatum, P. griseum, P. canescens, 
P. spinulosum, P. thomii. P. waksmani, P. 
raistrickii, P. expansum, P. purpurcscens, P. 
funiculnsum. P. spiculisporum. P. velutinum, 
P. purpurogenum, P. lilacinum. P. rubrum, 
Alternaria tenuis, Fusarium solani, Fus. 
moniliforme, Fus. coeruleum, Fus. oxysporum, 
Fus. orthoceras, Stemphylium macrospori- 
dcum, Macropsorium apiospermum, Absidia 
clauca, Mucormucedo. M. haemalis, M. race- 
mosus or Rhizopus arrhizus. 

6. A process as claimed in claim 2, in 
which the veast is of the genus Geotrichum. 

7. A process according to cither of claims 
2 or 6, in which the yeast is Geotrichum 
candidum. 

S. A process according to any of claims 
2 to 7, in which the entire cultivation is car- 
ried out at a temperature between 20 and 
35°C and a pH between 4 and 8. 

9. A process according to any of claims 
2 to S, in which the aqueous nutrient medium 
includes a malt extract, a yeast extract or 
an hvdrolvsis product of an animal or veget- 
able protein. 

10. A process according to any of claims 
2 to 9 in which the growth of mycelium or 
microbial or yeast cells is separated, ground 
and the pulverised growth extracted in an 
aqueous medium containing a buffering agent 
or ammonia and having a pH between 7 and 
10. 

11. A process as claimed in claim 10 in 
which the mycelium, or the microbial or veast 
cells after separation is or are frozen to be- 
low — 10°C before being ground. 

12. A process as claimed in claim 10 or 
claim 11 in which a complexing agent is 
added to the aqueous medium. 

13. A process according to any of claims 
10 to 12 in which the resulting aqueous ex- 
tract is treated with a water-soluble calcium 
or lead" salt in order to precipitate impurities 
which form insoluble compounds therewith. 

14. A process according to claim 13 in 
which the urate oxidase is precipitated from 
the resulting aqueous solution bv the addi- 
tion thereto of an organic liquid which is 
miscible with water or by salting out with 
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a water-soluble salt and the precipitate separ- 
ated. 

15. A process as claimed in claim 14 in 
which the organic liquid is methanol, ethanol, 

5 isopropanol or acetone. 

16. A process as claimed in claim 14 in 
which the water-soluble salt is ammonium sul- 
phate. 

17. A process according to any of claims 
10 14 to 16 in which the precipitate is dissolved 

in water, filtered or cenmfuged and then 
lyophilised. 

18. A process according to claim 16 in 
which the resulting product is further puri- 

15 fied by precipitation from aqueous media using 
organic liquids miscible with water or aqueous 
solutions containing ammonium sulphate as 
precipitating agents. 

19. A process according to claim 17 or 
20 claim 18 in which the resulting product is 

further purified by chromatography. 

20. A process according to claim 17 or 
claim 18 in which the resulting product is 



further purified by passage through a column 

of a cellulosic ion exchange material. 25 

21. A process according to claim 17 or 
claim 18 in which the resulting product is 
further purified by passage through a column 
of a dextran gel or of a polyacrylamide. 

22. A process according to any of claims 30 
17 to 21 in which the resulting product is 
further purified by adsorption upon hydroxy- 
apatite, bentonite or alumina, subsequent ex- 
traction of the adsorbate and elution with a 
saline solution. 35 

23. A process for the production of a 
urate oxidase according to claim 2 and sub- 
stantially as hereinbefore described with re- 
ference to the examples. 

24. A urate oxidase whenever produced 40 
by the process claimed in any of claims 2 to 

23. 
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